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Screening People with Persistent Absolute 
Lymphocytosis Favors the Identification of 

High-Count Monoclonal B-Cell 
Lymphocytosis.

INTRODUCTION
Monoclonal B-cell lymphocytosis (MBL) appears to be an obligate 
precursor state for the development of CLL. Moreover, MBL is 
associated with a higher likelihood of developing other types of 
cancers and of experiencing severe infection. MBL is a common 
finding in the aging population, with a reported average prevalence 
of 15% in individuals between 40 to 100 years. MBL is divided to 2 
categories, lcMBL (< 500 cells/ul), which represent ~95% of cases, 
and hcMBL (500-4,999 cells/ul), representing ~ 5% of cases. Since 
people with hcMBL progress to CLL at rate of ~1-5% per year, 
identifying those people with hcMBL who will progress to CLL is a 
unrealized goal. Were this achievable with sufficient accuracy, this 
might allow pre-emptive, preventive therapy. Random population-
based studies have provided valuable information about MBL 
prevalence. Additionally, developing a screening approach that 
would favor identifying people with hcMBL who could be followed 
prospectively to define the natural history and understanding the 
pathobiology that predisposes to CLL, other cancers, and severe 
infections. Here we show that focusing on individuals with persistent 
absolute lymphocytosis (PAL) offers a targeted strategy for 
identifying hcMBL, thereby allowing studies to improving our 
understanding of this pre-leukemic condition.
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OBJECTIVES

• Determine the prevalence of monoclonal B-cell lymphocytosis (MBL) in a cohort 
of individuals with persistent absolute lymphocytosis (PAL).

• Characterize the subtypes (CLL-like, atypical, non-CLL-like) of MBL found 
within the PAL cohort.

• Compare the ratio of high-count MBL (hcMBL) to low-count MBL (lcMBL) in the 
PAL cohort with that found in the general population.

• Analyze differences in age, immunoglobulin light chain restriction, and immune 
microenvironmental parameters in hcMBL and lcMBL patients.

CONCLUSIONS

• The PAL cohort exhibited a higher proportion of hcMBL (64%) than typically 
observed in the general population (5%), suggesting that PAL is a strong 
indicator for the presence of this pre-leukemic condition.

• hcMBL and lcMBL demonstrate distinct characteristics, including differences in 
age, immunoglobulin light chain usage, and immune cell profiles (T-cells and 
monocytes).

• The altered immune microenvironment in hcMBL, characterized by lower T-cell 
counts and higher monocyte counts, may reflect an ongoing immune response 
to the clonal B-cell expansion or represent an inherent characteristic of this 
subgroup, potentially influencing progression to CLL.

• Screening for MBL in individuals with PAL is a valuable strategy to identify a 
cohort of people with hcMBL that can be followed to study the natural history of 
MBL and understand the factors that contribute to its transformation into CLL. 
This might pave the way for potential early intervention strategies to prevent 
conversion to CLL.

METHODS
This study investigated the prevalence and characteristics of 
MBL within a well-defined cohort of patients with PAL. We 
define PAL as an absolute lymphocyte count (ALC) above 3.3 x 
109/L that lasts for at least 90 days and is not interrupted by a 
normal ALC. All participants found to have PAL underwent 
multiparameter flow cytometry analysis using a comprehensive 
panel of antibodies targeting B-, T-, and myeloid-cell markers.

RESULTS
• Of the 608 PAL patients screened, 14% (85) had a clonal B-cell 

expansion, indicative of MBL. Detailed flow cytometry analyses of 71 
MBL cases defined the distribution of MBL subtypes: 66% (47) CLL-
like MBL (CD5+CD20Dim), 5.4% (4) atypical MBL (CD5+CD20+), and 
20.3% (15) non-CLL-like MBL (CD5-CD20+). These frequencies are 
consistent with those previously reported. Seven percent (5) of the 
clonal B-cell expansions did not fall into any of these categories. 
Although the prevalence of CLL-like MBL aligns with that reported in 
the general population ≥ 40 years old, the ratio of hcMBL to lcMBL is 
strikingly different, i.e., 64% vs 36% in our series compared to 5% vs 
95% in reported random analysis (P < 0.0001). This highlights the 
effectiveness of the PAL approach for enriching the identification of 
clinically relevant hcMBL cases.

• The median age for the PAL cohort excluding the MBL cases was 60.6 
years (range 38-100), while the median age for the MBL group was 
70.3 years (range 38-97; P < 0.0001). Within the MBL group, the 
median age for hcMBL cases was 71 years (range 55-97), and for 
lcMBL cases was 66.5 years (range 49-87) (not significantly different). 

• Immunoglobulin (IG) light (L) chain analysis revealed a predominance 
of Igκ L chains in lcMBL clones (14 κ, 3 λ) and a Igλ L chain clonal 
bias in hcMBL (11 κ, 17 λ, and 2 with no detectable L chain 
restriction).

• Analysis of the cellular immune microenvironment revealed significant 
differences between healthy controls (HC), PAL individuals without 
clonal expansions, and the MBL subgroups. All PAL exhibited 
significantly higher absolute T-cell counts compared to HC. However, 
people with hcMBL had significantly lower T-cell counts than both PAL 
and lcMBL patients (P < 0.05). This pattern was mirrored in the CD4+

T-cells, while CD8+ T cells showed no significant differences with the 
MBL cases and HC. Interestingly, monocyte counts were significantly 
higher in MBL cases compared to HC, with a more pronounced 
elevation observed in the hcMBL subgroup.

DISCLOSURES
No

Table. Characterize of PAL subjects

Fig 1. High incidence of hcMBL in Male

Fig 2. hcMBL patients had significantly lower T-
cell counts than both PAL and lcMBL patients

Fig 4. PAL patient had significant high polyclonal B 
cells compare to hcMBL and healthy control

Fig 3. MBL patients had significant higher 
monocytes compare to heathy control
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Selectively targeting foreign 
antigen to surface membrane IgD 

leads to enhanced T-cell activation 
in patients with CLL and normal 

people

INTRODUCTION
T-cell receptor (TCR)-mediated T-cell activation is 
compromised in patients with chronic lymphocytic leukemia 
(CLL) compared to healthy controls (HC), contributing to the 
immune deficiency characteristic of CLL. In HCs, activated B 
cells are potent antigen-presenting cells (APCs), initiating T-cell 
responses through the presentation of processed antigenic 
peptides via MHC class II. However, in CLL, this process, 
particularly immune synapse formation, is defective. Most CLL 
cells and unswitched normal B cells express surface membrane 
IgM (smIgM) and IgD (smIgD) that share identical antigen-binding 
sites; hence, each isotype participates in antigen uptake. However, 
whether they do so equivalently and activate T cells equally have 
not been directly tested. Therefore, we evaluated if selectively 
targeting a foreign antigen to smIgM or to smIgD affected 
antigen internalization, processing, and T-cell activation 
people with CLL and in HCs. 
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OBJECTIVES
To determine whether selective delivery of foreign antigen (SARS-CoV-2 spike 
protein receptor-binding domain, RBD) to smIgM or smIgD on CLL and normal 
B cells differentially influences antigen internalization, processing, and 
presentation and the activation of antigen-specific autologous T cells

CONCLUSIONS
Our findings demonstrate that antigen delivery through smIgD is 
significantly more effective than smIgM in driving T-cell activation in CLL 
B cells and healthy donors. Confocal microscopy revealed that IgM and IgD 
deposit antigens into distinct intracellular compartments, indicating differential 
processing routes. This selective IgD-mediated pathway likely underlies the 
enhanced T-cell activation we observe. We propose this as a novel strategy to 
boost immune responses against foreign and tumor-associated antigens, 
particularly in immunodeficient states such as CLL

.

METHODS
Murine monoclonal antibodies specific for IgM and IgD that have 
similar antigen-binding affinities were engineered to express the 
human IgG4 constant region and the SARS-CoV-2 receptor-
binding domain of the spike protein (r-αIgM-RBD, r-αIgD-
RBD). 
Experiments were performed using the CXCR4DimCD5Bright 
proliferative fraction (PF) of CLL cells that is enriched in antigen-
processing machinery. Antigen internalization and intracellular 
trafficking were evaluated by confocal microscopy with pH-
sensitive fluorophores to determine compartmental localization. 
Flow cytometry was used to assess surface expression of HLA-
DR and HLA-ABC as indicators of antigen presentation capacity, 
and to measure T cell activation through upregulation of CD69, 
CD134, CD137, and intracellular IFNγ and IL-4.

RESULTS
Despite higher levels of smIgM than smIgD on PF cells (P = 
0.0141), internalization studies at 37°C revealed greater 
intracellular IgD levels than IgM (P = 0.0402). This pattern was 
also observed in B cells from HCs (P = 0.0302). 

While r-αIgM or r-αIgD alone had no effect, in 16 patients with 
CLL, delivery of RBD by r-αIgD-RBD, but not r-αIgM-RBD, 
significantly increased T-cell numbers and activation (CD8+: P = 
0.0445; CD8+CD134+: P = 0.0385), with multiple markers more 
strongly induced by r-αIgD-RBD compared to r-αIgD alone or r-
αIgM-RBD (e.g., CD4+CD69+: P = 0.0012; CD4+CD134+; P = 
0.0014; CD8+CD137+: P = 0.0004; CD8+IL-4+: P = 0.0012).

In 19 healthy donors, both constructs activated T cells, but r-
αIgD-RBD consistently elicited stronger responses. Testing the 
resting fraction (RF) of CLL cells showed heterogeneous and 
weaker effects, supporting enhanced antigen-presenting function 
of PF cells. 

Analysis of HLA molecules demonstrated that HLA-DR, but not 
HLA-ABC, was selectively upregulated by r-αIgD-RBD but not r-
αIgM-RBD, with the highest levels observed in U-CLL samples. 

Confocal microscopy revealed that smIgM and smIgD entered 
distinct intracellular compartments, highlighting mechanistic 
differences in antigen routing and possibly processing.
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Fig.1 Antigen Internalization

Fig.3 T cell activation in HD (n=19)

Fig.5 Confocal microscopy

Fig.2 T cell activation in CLL (n=16)

Fig.4 HLA-DR expression in CLL (n=20; 10 M-CLL, 
10 U-CLL)
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Our findings indicate that antigen delivery through smIgD is

significantly more effective at inducing T cell activation than
smIgM in CLL B cells, suggesting the presence of a distinct,
more immunostimulatory pathway.
Confocal microscopy results showed that IgM and IgD direct
antigens to distinct intracellular compartments, highlighting
differential antigen processing routes. This selective antigen
handling likely contributes to the enhanced T cell activation
observed with smIgD. Exploiting this IgD-mediated pathway
may offer a strategy to boost immune responses against
foreign and potentially tumor antigens in CLL patients.
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T cell activation is impaired in patients with chronic

lymphocytic leukemia (CLL) compared to healthy

controls (HCs), contributing to immune deficiency.

Effective T cell activation involves myeloid or B cells

presenting antigenic peptides to T cells. However, CLL

cells have defects in immune synapse formation,

impacting antigen presentation. Since normal B cells
best present antigen when activated, we used the
subset of CLL clones that are activated in vivo
(“Proliferative fraction”, PF); CXCR4DimCD5Bright cells to
study antigen presentation to autologous T cells.
Specifically, we addressed the questions if surface

membrane (sm) IgM and IgD on CLL cells performed
equally in antigen presentation, using the PF as the
functional moiety.

INTRODUCTION

To investigate whether the selective engagement of
smIgM or smIgD on CLL and normal B cells affects
antigen processing, presentation, and subsequent T cell
activation. We specifically assessed whether delivery
of the SARS-CoV-2 spike protein receptor-binding
domain (RBD) by smIgM or smIgD influences the
activation of autologous T cells.

AIM

Two murine monoclonal antibodies targeting IgM and
IgD were modified with human IgG4 constant regions
and attached to SARS-CoV-2 RBD (r-αIgM-RBD, r-αIgD-

RBD). Using CLL cells from the CXCR4DimCD5Bright

proliferative fraction, we evaluated internalization
efficiency, antigen presentation, and T cell activation
markers (sm CD69, CD134, CD137, intracellular IFNγ, and
IL-4) via flow cytometry.
Confocal microscopy with pH-sensitive fluorophores

determined compartmental localization of IgM- and IgD-
mediated antigen entry.
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Delivery of foreign antigen selectively to membrane IgD on CLL and normal B cells leads to superior

T-cell activation: A possible approach to restore/enhance T-cell immunity and T-cell help
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smIgM and smIgD are deposited in distinct vesicles. Healthy B cells and
CLL B cells were incubated with pHrodo reagents (IgD-Green and IgM-
Deep Red) for 1 hr at 37oC. Similar data were obtained if the individual
pHrodo reagents were switched, i.e., (IgD- Deep Red and IgM- Green)

Representative examples of activation marker expression after 48 h stimulation of autologous T cells by antigen-pulsed B

cells (B:T ratio 3:1). Note that activation antigen expression is greater when antigen is delivered by anti-IgD+RBD (IgDspike)
than when delivered by anti-IgM+RBD (IgMspike).

smIgM and smIgD expression on CLL cells and

intraclonal fractions, before and after

internalization. A. Expression of IgM and IgD on
CLL cell surface when bound at 4oC and 37oC .
B. Intracellular expression of IgM and IgD in CLL
cells after incubation at 37oC/4oC for 1h.
C. Comparison of the intracellular levels of IgM
and IgD for the unseparated CLL clone and the
CXCR4/CD5 fractions. Note that, despite there
being more smIgM than smIgD (A), the level of
intracellular IgD is higher than IgM, especially for
the PF.
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